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(57) A light-emitting element has a light-emitting lay- 
er and at least one light-extracting portion. At least a 
partial part of the light-extracting portion is formed into 
a concave or convex surface for enhancing the efficien- 



cy of extracting light. Another light-emitting element has 
a light-emitting layer and a concave or convex surface 
for reflecting light emitted from the light-emitting layer 
toward one or more other surfaces of the light-emitting 
element through an inside of the light-emitting element. 



FIG. 1A 
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Description 

[0001] The present application is based on Japanese 
Patent Applications No. 2001-159991, 2001-206357 
and 2001-304033, which are incorporated herein by ref- 5 
erence. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 10 

[0002] The present invention relates to an LED chip 
(hereinafter referred to as "light-emitting element") in 
which a light-emitting layer is formed on a substrate, and 
light is emitted from the light-emitting layer in response 15 
to a voltage applied thereto. 

2. Description of the Related Art 

[0003] In a light-emitting element, for example, a 
GaAs-based crystal layer or the like is epitaxially grown 
on a GaAs crystal substrate or the like so that a light- 
emitting layer is formed. When electrodes of an anode 
and a cathode are provided and a voltage is applied 
therebetween, light is emitted from the light-emitting lay- 
er, and the light is radiated from the top surface (light- 
emitting surface). 

[0004] However, in a light-emitting element, a crystal 
layer including a light-emitting layer is generally high in 
refractive index, and also high in absorptance of emitted 
light. Thus, there has been a problem that the efficiency 
of extracting light from the light-emitting element is low. 
That is, of light emitted from a light-emitting layer, only 
light incident on a top surface (light-emitting surface) 
within a critical angle is radiated externally with high ef- 
ficiency. However, the refractive index of the light-emit- 
ting layer is so high that the critical angle is very small. 
As a result, only a part of the light is radiated externally 
while the rest light is absorbed in the crystal layer which 
is high in absorptance. Thus, most of the light is con- 
verted into heat. 

SUMMARY OF THE INVENTION 

[0005] It is an object of the invention to provide a light- 
emitting element in which, of light emitted from a light- 
emitting layer, propagated light large in horizontal com- 
ponent with respect to the light-emitting layer is reflected 
to be incident on the top surface within a critical angle, 
so that the efficiency of extracting light from the crystal 
can be increased to improve the light output. 
[0006] It. is another object of the invention to provide 
a light-emitting element in which a crystal layer is formed 
on a substrate having a refractive index near to the re- 
fractive index of the crystal layer, so that the efficiency 
of extracting light from a light-emitting layer is high, the 
heat generation rate is low, and further, the property of 
radiating the heat generated in the light-emitting ele- 
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ment is excellent. 

[0007] It is still another object of the invention to pro- 
vide a light-emitting element in which the area of the 
crystal interface is increased without changing the opti- 
cal density in the crystal, that is, without changing the 
element size. Thus, the external radiation area for emit- 
ted light existing at random in terms of the position and 
direction in the crystal is increased so that the light-ex- 
tracting efficiency, that is, the external quantum efficien- 
cy is increased. 

[0008] Incidentally, the objects are objects to be at- 
tained separately and individually, and should not be in- 
terpreted as objects attained collectively and simultane- 
ously. 



(1) According to the invention, there is provided a 
light-emitting element, wherein reflecting grooves 
and/or reflecting holes are formed in the bottom sur- 
face of the light-emitting element, and light emitted 
from a light-emitting layer is reflected upward by the 
reflecting grooves and/or the reflecting holes. 

The distance with which light radiated obliquely 
laterally from each light-emitting point in the light- 
emitting layer travels to the crystal interface is so 
long that the light is absorbed in a crystal layer high 
in absorptance and converted into heat. In addition, 
the solid angle is so large laterally that the quantity 
of light radiated within such a range is large . The 
reflecting grooves and/or the reflecting holes for re- 
flecting the light upward are formed in the bottom 
surface of the light-emitting element. Thus, by use 
of the reflecting grooves and/or the reflecting holes 
formed thus, the light which was not allowed to be 
radiated externally in the related art can be radiated 
externally so that the light-extracting efficiency can 
be increased. 

In such a manner, the light-emitting element is 
designed so that, of light emitted from the light-emit- 
ting layer, propagated light having a large horizontal 
component with respect to the light-emitting layer is 
reflected to be incident on the top surface within the 
critical angle so that the efficiency of extracting light 
from the crystal can be increased. Thus, the light 
output can be improved. 

(2) According to the invention, in the light-emitting 
element having the configuration defined in (1), the 
light-emitting layer is formed on the bottom surface 
side. 

Accordingly, there is little vertical difference be- 
tween the light-emitting layer and the bottom sur- 
face. Thus, light radiated substantially horizontally 
from each light-emitting point in the light-emitting 
layer can be also reflected upward by the reflecting 
grooves and/or the reflecting holes formed in the 
bottom surface, so as to be radiated externally. As 
a result, most of the light radiated laterally in a large 
light quantify can be radiated externally. In addition, 
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the light-emitting layer is provided closely to an 
electrode in the bottom surface. Accordingly, the 
heat of the light-emitting layer can be released 
through the electrode in the bottom surface. Thus, 
the property of heat radiation is improved so that 5 
the light-emitting efficiency also increases. 

In such a manner, the light-emitting element is 
designed so that light radiated laterally toward the 
bottom surface is also reflected upward. Thus, the 
light-extracting efficiency can be further increased. io 
In addition, the property of heat radiation is im- 
proved so that the light-emitting efficiency, is also 
increased. As a result, the light output can be further 
improved. 

15 

(3) According to the invention, in the light-emitting 
element having the configuration defined in (1) or 
(2), electrodes opposite in polarity are formed on 
the bottom surface side. 

Accordingly, it is not necessary to form any 20 
electrode on the top surface. Therefore, even if the 
light-emitting element is formed into a small chip, it 
is possible to maintain the effect to reflect light up- 
ward by the reflecting grooves or the reflecting 
holes formed in the bottom surface according to the 25 
invention to thereby improve the external radiation 
efficiency. Then, when the light-emitting element is 
formed into a small chip, the course in which light 
is reflected several times in the crystal layer of the 
light-emitting element and then radiated externally 30 
becomes short enough to reduce the ratio of light 
absorbed in the crystal layer which is high in light 
absorptance. Thus, the external radiation efficiency 
is further improved. 

In such a manner, because it is not necessary 35 
to form any electrode on the top surface, the light- 
emitting element can be designed to be a small 
chip, so that the light-extracting efficiency can be 
further improved. 

40 

(4) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (1) to (3), maximum heights of the reflecting 
grooves and/or the reflecting holes reach in an in- 
ternal portion of the light-emitting layer. 45 

In the light-emitting element having such a con- 
figuration, not only light radiated horizontally from 
each light-emitting point in the light-emitting layer 
but also light radiated somewhat obliquely upward 
can be reflected upward by the reflecting grooves 50 
or the reflecting holes which are formed to have 
heights reaching in the internal portion of the light- 
emitting layer . Thus, almost the whole part of the 
light radiated laterally in a large light quantity can 
be radiated externally. 55 

In such a manner, the light-emitting element is 
designed so that almost the whole part of the light 
radiated laterally from each light-emitting point in 



the light-emitting layer can be reflected upward. 
Thus, the light-extracting efficiency is further in- 
creased so that the light output can be further im- 
proved. 

(5) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (1) to (3), the light-emitting area of the light-emit- 
ting layer is formed as split light-emitting areas 
formed in places other than the places where the 
reflecting grooves and/or said reflecting holes are 
formed. 

In the light-emitting element having such a con- 
figuration, since the reflecting grooves or the reflect- 
ing holes are not formed in the light-emitting layer, 
influence of the formed reflecting grooves or the 
formed reflecting holes on the light-emitting layer 
can be reduced so that the light-emitting element 
can be applied to a light-emitting layer which is 
weak physically. Then, when the reflecting grooves 
or the reflecting holes are formed to reach a height 
above the light-emitting area of the light-emitting 
layer, not only light radiated horizontally from each 
light-emitting point in the light-emitting layer but also 
light radiated somewhat obliquely upward can be 
reflected upward by the reflecting grooves or the re- 
flecting holes, in the same manner as in the case 
where the reflecting grooves or the reflecting holes 
are formed to have heights reaching in the internal 
portion of the light-emitting layer. Thus, almost the 
whole part of the light radiated laterally in a large 
light quantity can be radiated externally. 

In such a manner, the light-emitting element is 
designed so that the light-emitting element can be 
applied to a light-emitting layer which is weak phys- 
ically, while almost the whole part of the light radi- 
ated laterally from each light-emitting point in the 
light-emitting layer can be reflected upward. Thus, 
the light-extracting efficiency is further increased so 
that the light output can be further improved. 

(6) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (1) to (5), a substrate lower in refractive index 
than the light-emitting layer is located above the 
light-emitting layer. 

When the substrate having a low refractive in- 
dex is located above the light-emitting layer having 
a high refractive index in such a manner, light radi- 
ated laterally from the light-emitting layer is con- 
fined in the crystal layer having a high refractive in- 
dex. Thus, of the light radiated laterally, light having 
an upward component is also reflected upward by 
the reflecting grooves formed in the bottom surface. 
As a result, the ratio of light reflected upward in- 
creases so that the externalradiationefficiencyisfur- 
thehmproved. In addition, the critical angle increas- 
es at each interface in comparison with the case 
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where light is radiated directly into the air from the 
light-emitting layer having a high refractive index. 
Thus, it becomes easy to extract the light. 

In such a manner, the light-emitting element is 
designed so that the light confined in the crystal lay- 5 
er having a high refractive index is reflected upward 
while the critical angle increases at each interface 
so that it becomes easy to extract light. As a result, 
the light-extracting efficiency is further increased so 
that the light output can be improved. io 

(7) According to the invention, there is provided a 
light-emitting element including a light-emitting lay- 
er and at lease one light-extracting portion, wherein 

the light-extracting portion is shaped to be substan- 15 
tially convex, and substantially equal refractivity is 
kept between the light-emitting layer and the light- 
extracting portion. 

Since substantially equal refractivity is kept be- 
tween the light-emitting layer and the light-extract- 20 
ing portion thus, there is no fear that refraction or 
interfacial reflection occurs between the light-emit- 
ting layer and the light-extracting portion. Further, 
sincethelight-extractingportionisshaped to be sub- 
stantially convex, each of the light-extracting sur- 25 
faces constituting the light-extracting portion be- 
comes nearly perpendicular to the light emitted from 
the light-emitting layer so that a ratio of the light in- 
cident within the critical angle at which the light is 
allowed to be radiated externally becomes large. 30 
Accordingly, the influence of interfacial reflection at 
the interface of the light-extracting portion is re- 
duced greatly so that the light emitted from the light- 
emitting layer is effectively radiated externally from 
the light-extracting portion. Thus, the light-emitting 35 
element is designed to be large in the efficiency of 
extracting the light from the light-emitting layer. 

(8) According to the invention, in the light-emitting 
element having the configuration defined in (7), the *o 
light-emitting element is mounted so that the light- 
emitting layer is located on a bottom surface side of 
the light-emitting element. 

The light-emitting element is mounted so that 
the light-emitting layer comes to the bottom surface 
side of the light-emitting element. In such an con- 
figuration, of the light emitted upward from each 
light-emitting point of the light-emitting layer, only 
the light radiated within the critical angle with re- 
spect to the interface between the crystal layer and so 
the substrate is allowed to pass through the inter- 
face to enter the substrate, so that the light which 
has passed through the interface is directly radiated 
externally with good efficiency. Here, since the sub- 
stantially equal refractivity is kept between the light- 55 
emitting layer and the light-extracting portion, the 
crystal layer and the substrate are substantially 
equal in refractive index. Accordingly, almost the 



whole part of the light passes through the interface 
between the crystal layer and the substrate without 
having any refraction or interfacial reflection gener- 
ated at the interface so that the light is efficiently 
radiated externally from the substrate. When the 
light-extracting efficiency is improved in such a 
manner, the external quantum efficiency is en- 
hanced. Further, although the light-emitting ele- 
ment is mounted on metal having high heat conduc- 
tivity, the property of radiating the heat generated in 
the light-emitting layer is improved because the 
light-emitting layer is located on the bottom surface 
side of the light-emitting element. Further, with the 
enhancement of the external quantum efficiency, 
the rate of heat generation is reduced, so that the 
input allowable electric power increases in addition 
to the improvement of the heat radiation property. 
Accordingly, higher output can be achieved in com- 
bination with the achievement of higher efficiency. 

When the light-emitting element is mounted so 
that the light-emitting layer is located on the bottom 
surface side of the light-emitting element thus, it is 
possible to obtain a light-emitting element in which 
the efficiency of extracting light from the light-emit- 
ting layer is high, the heat radiation property is im- 
proved, the heat generation rate is low, and higher 
output can be attained. 

(9) According to the invention, in the light-emitting 
element having the configuration defined in (7) or 
(8), electrodes opposite in polarity are formed on 
the bottom surface side. 

Thus, the formation of the light-extracting por- 
tion can be made easily. Further, it is not necessary 
to form any electrode on the substrate side, that is, 
on the light-emitting surface side, so that the light 
which has passed through the substrate can be ef- 
ficiently radiated externally without being blocked 
by the electrode. 

Thus, it is possible to obtain a light-emitting el- 
ement in which the efficiency of extracting light from 
the light-emitting layer is high, the heat generation 
rate is low, and , further, the property of radiating the 
heat generated in the light-emitting element is high. 

(10) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (7) to (9), the substantially convex light-extracting 
portion is constituted by at least five light-extracting 
surfaces, and the light-emitting layer exists in a di- 
rection substantially perpendicular to each light-ex- 
tracting surface. 

In the light-emitting element having such a con- 
figuration, the substantially convex light-extracting 
portion is constituted by at least five light-extracting 
surfaces, and the light-emitting layer exists in a di- 
rection substantially perpendicular to each light-ex- 
tracting surface. Accordingly, almost the whole part 



7 



EP 1 263 058 A2 



8 



of the light emitted from the light-emitting layer is 
radiated externally from the light-extracting surfac- 
es, so-that the external quantum efficiency is made 
high. 

Thus, it is possible to obtain a light-emitting el- 5 
ement in which the efficiency of extracting light from 
the light-emitting layer is very large. 

(11) According to the invention, in the light-emitting 
element having the configuration defined in any one 10 
of (7) to (10), the substantially convex light-extract- 
ing portion includes a curved light-extracting sur- 
face, and the light-emitting layer exists in a direction 
substantially .perpendicular to the light-extracting 
surface. 15 

Thus, the incidence angle of the light emitted 
from the light-emitting layer and made incident onto 
the curved light-extracting surface becomes deeper 
compared with the flat light-extracting surface so 
that the incidence angle is close to an angle with 20 
perpendicular incidence. Accordingly, the external 
radiation efficiency of the primary light further in- 
creases and the light-extracting efficiency can be 
made high. 

25 

(12) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (7) to (11), the light-emitting layer is a part of a 
crystal layer and located in a vicinity of a central por- 
tion of the substantially convex light-extracting por- 30 
tion. 

In such a configuration, the light-emitting layer 
for the light-extracting portion approximates a point 
light source and is located in the vicinity of the cen- 
tral portion of the light-extracting portion, in compar- . 35 
ison with the case where a light-emitting layer is 
formed over a substantially whole surface of a crys- 
tal layer. Accordingly, the incidence angle of the 
light emitted from the light-emitting layer and made 
incident onto the light-extracting portion generally <o 
becomes a deep angle, so that the external radia- 
tion efficiency of the primary light further increases 
and the light-extracting efficiency can be made 
high. Accordingly, in the case where the chip size 
of the light-emitting element according to the in ven- 45 
tion is substantially the same as that of a light-emit- 
ting element having a light-emitting layer formed 
over the substantially whole surface of a crystal lay- 
er, the light-emitting element according to the inven- 
tion can be made to be an energy-saving element so 
in which the same emission output can be obtained 
with less electric power than that used in the relat- 
ed-art element because of improvement in the effi- 
ciency of externally extracting the light emitted from 
the light-emitting layer. Further, if the chip size of 55 
the light-emitting element is made large to have a 
light-emitting area of the light-emitting layer sub- 
stantially the same in size as a light-emitting ele- 



ment in which a light-emitting layer is formed over 
the substantially whole surface of a crystal layer, it 
is possible to obtain larger output using the same 
electric power as the related-art element. Further, it 
is possible to reduce the heat generation and im- 
prove the heat radiation property so that a larger 
electric power than the related-art element can be 
inputted to attain larger output. 

At present, energy saving and high efficiency is 
often requested of the LED light source for serving 
as the light source for a mobile apparatus, and high 
output is often requested of the LED light source for 
serving as the light source substituted for the incan- 
descent lamp. According to the configuration of the 
light-emitting element of the invention, both the re- 
quests can be met as described above. 

(13) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (7) to (12), the light-emitting element includes a 
plurality of the substantially convex light-extracting 
portions. 

Thus, the ratio of the light emitted from the light- 
emitting layer and made incident within the critical 
angle can be made high so that the external radia- 
tion efficiency of the primary light can be increased. 
Further, the light-extracting area can be enlarged 
so that the external radiation efficiency of the sec- 
ondary light and other lights derivatively generated 
after that also becomes high and the light-extracting 
efficiency becomes high. As a result, even in the 
case where the thickness of the substrate is thin rel- 
ative to the whole size of the light-emitting element, 
it is possible to obtain an effect of enhancing the 
light-extracting efficiency in the same manner. Ac- 
cordingly, reduction in the light-extracting efficiency 
can be prevented when the chip size of the light- 
emitting element is made large. Further, the yield of 
the light-emitting elements from abase material can 
be improved. That is, when the chip size of the light, 
emitting element is to be made large in a similar 
shape to that of a light-emitting element having one 
substantially convex light-extracting portion, it is 
necessary to increase the thickness of the wafer 
and the yield of the light-emitting elements from the 
material is reduced. When a plurality of the substan- 
tially convex light-extracting portions are provided 
in the light-emitting element, it is possible to expect 
the same efficiency as that obtained by a light-emit- 
ting element in which the thickness of a wafer is not 
changed and a dicing size is made large, and a high 
yield of the light-emitting elements from a material 
can be obtained for effective utilization. 

Thus, even when the thickness of the substrate 
is thin relative to the whole size of the light-emitting 
element, it is possible to provide a light-emitting el- 
ement in which the effect of increasing the tight-ex- 
tracting efficiency can be obtained in the same man- 
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ner, a high yield of the light-emitting elements from 
the material can be obtained for effective utilization, 
and reduction in the light-extracting efficiency can 
be prevented when the chip size is made large. 

5 

(14) According to the invention, in the light-emitting 
element having the configuration defined in (13), 
the substantially convex light-extracting portions 
are arranged in a lattice structure. 

Thus, even in the case where the height of the 10 
substrate is low relative to the width of the light-emit- 
ting element, the light emitted from the light-emitting 
layer in the crystal layer is extracted efficiently from 
the substantially convex light-extracting portions ar- 
ranged in a lattice structure so that high external ra- 1 5 
diation efficiency can be obtained. Therefore, the 
same light-extracting efficiency can be expected 
even when the chip of the light-emitting element is 
made large, and the yield of the light-emitting ele- 
ments from the base material can be improved. 20 
That is, when the chip size of the light-emitting ele- 
ment is to be made large in a similar shape to that 
of a light-emitting element having one substantially 
convex light-extracting portion, it is necessary to in- 
crease the thickness of the wafer and the yield of 25 
the light-emitting elements from the material is re- 
duced. If a plurality of the substantially convex light- 
extracting portions are arranged in a lattice struc- 
ture, it is possible to expect the same efficiency as 
that obtained by a light-emitting element in which 30 
the thickness of a wafer is not changed and a dicing 
size Is made large, and a high yield of the light-emit- 
ting elements from a material can be obtained for 
effective utilization. 

(15) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (7) to (14), the light-emitting layer is formed only 
in a portion of the crystal layer of the light-emitting 
element, the portion of the crystal layer being sub- *o 
stantially perpendicular to the at least one light-ex- 
tracting portion. 

Thus, the light-emitting layer is formed only at 
a central portion of each divided portion of the crys- 
tal layer to make the light-emitting layer as a point 45 
light source. In the case where the chip size is made 
to be substantially the same as that of a light-emit- 
ting element in which the light-emitting layer is 
formed over the whole surface of the crystal layer, 
the external radiation efficiency of the primary light 50 
of the light emitted from the light-emitting layer fur- 
ther increases so that the light-extracting efficiency 
is improved. Further, due to reduction in the internal 
heat generation, not only is the light-extracting effi- . 
ciency increased but also the output reduction 55 
caused by the heat generation can be suppressed, 
so that further improvement in the efficiency can be 
attained. Further, when the chip size is made large 



so that the light-emitting area of the light-emitting 
layer formed at only the central portions is formed 
to have the same size as the light : emitting area of 
a light-emitting layer formed over the whole of the 
crystal layer, the conduction current can be set large 
so that the output can be made larger. At present, 
energy saving and high efficiency is often requested 
of the LED light source for serving as the light 
source for a mobile apparatus, and high output is 
often requested of the LED light source for serving 
as the light source substituted for the incandescent 
lamp. According to the configuration of the light- 
emitting element of the invention, both the requests 
can be met. 

Thus, the light-emitting layer is formed as a 
point light source, so that it is possible to provide a 
light-emitting element in which the efficiency is fur- 
ther improved and the higher output can be ob- 
tained. 

(16) According to the invention, in the light-emitting 
element having the configuration defined in any one 
of (7) to (15), the light-extracting portion is consti- 
tuted by surfaces including a curved surface. 

Thus, in comparison with the case where the 
light-extracting surfaces are constituted by only flat 
surfaces, the incident angle of the light emitted from 
the light-emitting layer and incident onto the light- 
extracting surface becomes deeper, so that the ex- 
ternal radiation efficiency of the primary light further 
increases and the light-extracting efficiency can be 
made high. 

(17) According to the invention, in the light-emitting 
element having the configuration defined in (14), 
the curved surface includes a cylindrical surface. 

Thus, when a light-extracting surface is made 
to be a cylindrical surface with a central portion of 
the light-emitting layer as an origin, the light emitted 
from the light-emitting layer is incident substantially 
perpendicularly to the light-extracting surface so 
that the external radiation efficiency of the primary 
light further increases. If all the light-extracting sur- 
faces are made to be cylindrical surfaces with the 
central portion of the light-emitting layer as the ori- 
gin and the cylindrical surfaces are combined, al- 
most the whole part of the light emitted from the 
light-emitting layer is substantially perpendicularly 
incident to the light-extracting surfaces, and the ex- 
ternal radiation efficiency of the primary light re- 
markably increases. Accordingly, the light-extract- 
ing efficiency can be enhanced greatly. 

(1 8) A light-emitting element according to the inven- 
tion has a feature in that the light-emitting element 
is a solid state light-emitting element having a la- 
mellar Jight-emitting area, and at least the circum- 
ference of the side surface of the light-emitting area 
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is wholly or partially formed into a concavo-convex 
side. surface having a concavo-convex shape. 

Here\ the lamellar light-emitting area may be 
made up of either a single layer or a plurality of lay- 
ers. When a semiconductor is used, its conductivity 5 
type may be either a p-type or an n-type. When the 
light-emitting area is made up of a plurality of layers, 
the light-emitting area may be made up of a plurality 
of layers of semiconductors having the same com- 
position ratio but with different concentrations of ad- 10 
ditive impurities, or a plurality of layers of semicon- 
ductors different in the composition ratio, different 
in constituent components, or different in concen- 
trations of impurities added to these plurality of lay- 
ers. The light-emitting area may be non-doped, of 15 
an n-type or of a p-type. Layers having various func- 
tions may be placed above or under the light-emit- 
ting area. Examples of such layers include n-Iayers, 
p-layers and non-impurity layers. When a semicon- 
ductor light-emitting element is formed, a pn homo 20 
junction structure, a single heterojunction structure, 
a double heterojunction structure, or the like, can 
be adopted. As the light-emitting area, a single 
quantum well structure, a multiple quantum well 
structure, or the like, can be adopted. 25 

The invention is applicable to Intrinsic EL as 
well as injection type LEDs. 

It will go well if at least the side surface of the 
light-emitting area is formed to be concavo and con- 
vex (irregular). Concavities and convexities may be 30 
formed to reach the side surface which does not be- 
long to the light-emitting area. In addition, concavi- 
ties and convexjties may be formed all over the cir- 
cumference of the side surface or in a part of the 
circumference of the side surface. As the portion in 35 
which the concavities and convexities are formed is 
longer, the effect of extracting light becomes great- 
er. When the concavities and convexities are 
formed in a part of the circumference, for example, 
they may be formed in at least one side or opposite *o 
sides of the four sides of the light-emitting element 
which is formed to be rectangular. 

(19) In addition, the light-emitting element accord- 
ing to the invention (18) has a feature in that con- 45 
cavities and convexities of the concavo-convex side 
surface are of a curve with a change in curvature. 

The horizontal section of the concavities and 
convexities is a curve. For example, a curved col- 
umn forms the concavities and convexities. The 50 
curved column may be inclined. 

(20) In addition, the light-emitting element accord- 
ing to the invention (1 8) or ( 1 9) has a feature in that 

the concavo-convex side surface has a taper angle 55 
with respect to the light-emitting area. 

(21) In addition, the light-emitting element accord- 



ing to any one (18) to (20) has a feature in that the 
concavo-convex side surface is formed in an etch- 
ing step. 

(22) In addition, the light-emitting element accord- 
ing to anyone of (18) to (20) has a feature in that 
the concavo-convex side surface is formed in a step 
of patterning the light-emitting area. 

(23) In addition, the light-emitting element accord- 
ing to anyone of (18) to (20) has a feature in that 
the concavo-convex side surface is formed in a step 
of separating the light-emitting element. 

(24) In addition, the light-emitting element accord- 
ing to anyone of (18) to (23) has a feature in that 
the light-emitting element is formed on a substrate 
whose refractive index is smaller than the refractive 
index of the lamellar light-emitting area. 

A low-temperature growth buffer layer or a 
high-temperature growth buffer layer may be 
formed on the substrate. These buffer layers may 
be of multi-layers. Buffer layers and monocrystal 
layers may be repeated. 

Either conductive material or insulating materi- 
al can be used as the substrate. When conductive 
material is used, one of the electrodes can be 
formed on the back surface of the substrate. When 
insulating material is used, both the electrodes are 
formed on the top surface side of the substrate. 

(25) In addition, the light-emitting element accord- 
ing to any one of (18) to (24) has a feature in that 
each layer of the light-emitting element formed on 
the substrate is made of a Group HI nitride com- 
pound semiconductor. 

(26) In addition, the light-emitting element accord- 
ing to any one of (18) to (23) has a feature in that 
the top surface of .the light-emitting element is also 
formed into a concavo-convex shape. 

[0009] The light-emitting element according to the in- 
vention (1 8) is a solid state light-emitting element having 
a lamellar light-emitting area, and at least the circumfer- 
ence of the side surface of .the light-emitting area is 
wholly or partially formed into a concavo-convex side 
surface having a concavo-convex shape. 
[0010] In a normal light-emitting element, light emitted 
in a light-emitting area is radiated omnidirectionally, and 
only light radiated in a substantially perpendicular direc- 
tion is allowed to emerge from a substrate in the per- 
pendicular direction. At this time, of light radiated from 
the light-emitting area and. made incident on a layer lo- 
cated on the light-emitting area, for example,, a p-layer 
(p-layer when the p-layer is located on the light-emitting 
area, and n-layer when the n-layer is located on the 
light-emitting area) if the light-emitting element is 
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formed as a semiconductor light-emitting diode, tight in- 
cident within a critical angle is allowed to emerge per- 
pendicularly to the substrate directly. However, since the 
p-layer (for example, a p-GaN layer) and the light-emit- 
ting area are higher in refractive index than the outside 5 
area, light whose incidence angle is larger than the crit- 
ical angle is totally reflected by the p-layer so as to return 
to the light-emitting area again. That is, most of the light 
is confined in the light-emitting area and attenuated. 
That is, in such a related-art light-emitting element, all 
the light generated in the light-emitting area could not 
be allowed to emerge efficiently 
[0011] In the light-emitting element according to the 
invention, at least the circumference of the side surface 
of the light-emitting area is wholly or partially formed into 
a concavo-convex shape. When the side surface is 
formed into a concavo-convex shape, the normal line 
direction of the side surface can be varied into various 
directions. This variation in the normal line direction of 
the side surface leads to the variation of its critical angle 
concurrently. That is, light confined in the light-emitting 
area, particularly light confined laterally can be extract- 
ed more efficiently. That is, light which could not emerge 
in the related art can be allowed to emerge to the outside 
on a large scale. That is, the external quantum efficiency 
can be improved on a large scale. Incidentally, such con- 
cavities and convexities include concavities and con- 
vexities having any shape. Examples of the shapes in- 
clude triangular ripples, and corrugations. In addition, 
the shape and size of the concavities and convexities 
may be random or periodic. The concavities and con- 
vexities include any kinds of them. 
[0012] In addition, in the light-emitting element ac- 
cording to the invention (19), concavities and convexi- 
ties of the concavo-convex side surface are of a curve 
with a change in curvature. That is, the concavities and 
convexities are constituted by curves having various 
curvature radii. Thus, the critical angle in the concavo- 
convex side surface is not fixed as that in a flat surface, 
but is varied so that the range of the incidence angle 
with which light is allowed to emerge to the outside is 
expanded as a whole. This is equivalent to expansion 
of the effective emergence area of light. In such a man- 
ner, light emitted from the light-emitting area is radiated 
externally with good efficiency. Thus, the light-emitting 
element is designed to be higher in external quantum 
efficiency. 

[0013] In addition, in the light-emitting element ac- 
cording to the invention (20), the concavo-convex side 
surface of the light-emitting area has a taper angle with 
respect to the lamellar light-emitting area. When the nor- 
mal line of the concavo-convex side surface has a taper 
angle with respect to the lamellar light-emitting area, 
that is, when the normal line of the side surface is not 
perpendicular to the normal line of the top surface of the 
layer of the light-emitting area, the area of the side sur- 
face can be increased. Accordingly, light reflected later- 
ally internally can be extracted to the outside more effi- 



ciently. Further, for example, when the normal line of the 
side surface has a positive taper angle (angle of eleva- 
tion) with respect to the lamellar light-emitting area, light 
emerging from the side surface has a component of an- 
gle of elevation with respect to the light-emitting area. 
Having the component of angle of elevation, the light 
emitted from the side surface is emitted to a portion 
above the layer effectively. Incidentally, the component 
of angle of elevation may be negative. When it is nega- 
tive, the emergent light is once reflected by the substrate 
surface (on which the lamellar light-emitting area is 
formed) , and then radiated in the positive direction 
again. 

[0014] In addition, in the light-emitting element ac- 
cording to the invention (21), the concavo-convex side 
surface is formed in an etching step. 
[0015] For example, when an insulating substrate is 
used to form an element structure in which an n-type 
layer is located on the bottom surface while anode and 
cathode electrodes are formed on the top surface side 
of the substrate, each layer has to be etched to be dug 
down to form an electrode for the n-type layer. At this 
time, for example, an concavo-convex pattern is made 
up out of resist or the like on the top surface in advance. 
When each layer is etched to be dug down with such a 
pattern formed, concavities and convexities in the etch- 
ing pattern are formed in the side surface of the light- 
emitting area. That is, a concavo-convex side surface is 
formed. In addition, such a concavo-convex side sur- 
face can be formed easily because it is formed by etch- 
ing. 

[0016] In addition, in the light-emitting element ac- 
cording to the invention (22), the concavo-convex side 
surface is formed in a step of patterning the light-emit- 
ting area. 

[0017] For example, if the concavities and convexities 
are formed in the step of patterning the light-emitting ar- 
ea on the basis of a metal organic vapor phase epitaxy 
method, the concavities and convexities can be shaped 
desirably. For example, the concavities and convexities 
can be formed into desired shapes such as, corruga- 
tions, triangular ripples, or random shapes. In addition, 
the concavities and convexities can be designed strictly 
enough to prevent light emerging from any point in the 
side surface from being blocked by other protrusions of 
the side surface. Thus, the shape of the side surface 
can be optimized so that' light can be radiated more ef- 
ficiently. 

[0018] In addition, in the light-emitting element ac- 
cording to the invention (23), the concavo-convex side 
surface is formed in a step of separating the light-emit- 
ting element. If the step of separating the light-emitting 
element is used, the side surface of the light-emitting 
area can be formed into a concavo-convex shape easily. 
Since a new step is not required, the manufacturing cost 
can be prevented from increasing, regardless of the 
light-emitting element. 

[0019] In addition, in the light-emitting element, ac- 
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cording to the invention (24), the light-emitting element 
is formed on a substrate whose refractive index is small- 
er thanthe refractive index of the lamellar light-emitting 
area. 

[0020] When the refractive index of the substrate is 
made smaller than the refractive index of the light-emit- 
ting area, total reflection becomes easier to occur on the 
substrate so that a part of light generated in the light- 
emitting area is propagated laterally in the light-emitting 
area. For example, when a GaN-based semiconductor 
layer is adopted, its refractive index is about 2.4. Then, 
an alumina-based substrate whose refractive index is 
1.7 is adopted by way of example. As a result, light is 
totally reflected by the substrate so as to reach the side 
surface of the light-emitting area and emerge from the 
side surface. Thus, the light-emitting element is deigned 
to be higher in externa! quantum efficiency. 
[0021] In addition, in the light-emitting element ac- 
cording to the invention (25), each layer of the light-emit- 
ting element formed on the substrate is made of a Group 
III nitride compound semiconductor. 
[0022] The Group Hi nitride compound semiconductor 
is a direct transition type semiconductor whose emis- 
sion spectrum covers a wide region from an ultraviolet 
region to a red region when it is formed as a light-emit- 
ting element by way of example. Thus, light-emitting di- 
odes (LEDs) having various spectra can be fabricated. 
[0023] In addition, because of its wide band gap, the 
Group III nitride compound semiconductor can be 
formed as a light-emitting element operating more sta- 
bly at a high temperature than an element using any oth- 
er semiconductor. Further, when the Group III nitride 
compound semiconductor does not have arsenic (As) 
as its main component, it is possible to form a light-emit- 
ting element which is safe environmentally. 
[0024] In addition, in the light-emitting element ac- 
cording to the invention (26), concavities and convexi- 
ties are formed not only in the side surface of the light- 
emitting area but also in the top surface thereof. 
[0025] Concavities and convexities are effective not 
only in the side surface of the light-emitting area but also 
in the top surface which is a surface located at the top 
for extracting light therefrom. Fpr the same reason as in 
the side surface, that is, because of increase in the net 
critical angle range, light from the light-emitting area is 
allowed to emerge from the top surface of the substrate 
effectively. Since light is allowed to emerge from the side 
surface and the top surface more effectively, the light- 
emitting element is designed so that the quantum effi- 
ciency further increases. 

[0026] I n consideration of the above ( 1 ) to (26), a light- 
emitting element according to the present invention has 
at least a concave or convex surface in the whole sur- 
face thereof. The concave or convex surface is em- 
ployed for enhancing the efficiency of extracting light. 
The concave or convex surface plays as a role of emit- 
ting light from itself (light emitting-surface), or plays as 
a role of reflecting light toward one or other surfaces 



within the light-emitting element efficiently through the 
•inside of the element. The shape and the location of the 
concave or convex surface may be modified optionally 
to enhance the efficiency of extracting light. Thus, a 

5 light-emitting element according to one aspect of the in- 
vention comprises a light-emitting layer and at least one 
light-extracting portion, and at least a partial part of the 
light-extracting portion is.formed into a concave or con- 
vex surface for enhancing the efficiency of extracting 

10 light. A light-emitting element according to another as- 
pectof the invention comprises a light-emitting layer and 
a concave or convex surface for reflecting light emitted 
from the light-emitting layer toward one or more other 
surfaces of the light-emitting element through the inside 

*5 of the light-emitting element. 

[0027] Features and advantages of the invention will 
be evident from the following detailed description of the 
preferred embodiments described in conjunction with 
the attached drawings. 

20 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] In the accompanying drawings: 

25 Fig. 1A is a longitudinally sectional view showing 
the configuration of a light-emitting element accord- 
ing to Embodiment 1 of the invention, Fig. 1B is a 
bottom view thereof, and Fig. 1C is a diagram for 
explaining the positional relationship between re- 

30 fleeting grooves and a light-emitting layer; 

Fig. 2 is a longitudinally sectional view showing the 
configuration of a light-emitting element according 
to Embodiment 2 of the invention; 
Fig. 3A is a longitudinally sectional view showing 

35 the configuration of a light-emitting element accord- 
ing to Embodiment 3 of the invention; and Fig. 3B 
is a bottom view thereof; 

Fig. 4A is a longitudinally sectional view showing 
the configuration of a light-emitting element accord- 
4 o ing to Embodiment 4 of the invention, and Fig. 4B 
is a bottom view thereof; 

Fig. 5A is a longitudinally sectional view showing 
the configuration of a light-emitting element accord- 
ing to Embodiment 5 of the invention, and Fig. 5B 

45 js a bottom view thereof; 

Fig. 6A is a plan view showing the configuration of 
a light-emitting element according to Embodiment 
6 of the invention, Fig. 6B is a longitudinal sectional 
view thereof, and Fig. 6c is a bottom view thereof; 

50 Fig. 7 is a longitudinal sectional view showing the 
configuration of a light-emitting element according 
to Embodiment 7 of the invention; 
Fig. 8 is a longitudinal sectional view showing the 
configuration of light-emitting element according to 

5 5 Embodiment 8 of the invention; 

Fig. 9A is a plan view showing the configuration of 
a light-emitting element according to Embodiment 
9 of the invention, and Fig. 9B is a longitudinal sec- 
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tional view thereof; 

Fig. 10A is a plan view showing the configuration of 
a light-emitting element according to Embodiment 

10 of the invention, and Fig. 10B is a longitudinal 
sectional view thereof; 5 
Fig. 11 A is a plan view showing the configuration of 

a light-emitting element according to Embodiment 

11 of the invention, and Fig. 11B is a longitudinal 
sectional view thereof; 

Fig. 12 is a sectional view of the configuration of a to 
light-emitting diode according to Embodiment 1 2 of 
the invention; 

Fig. 13 is a top view of the light-emitting diode ac- 
cording to the Embodiment 12 of the invention; 
Fig; 14 is a diagram for explaining the relationship 15 
between the course of emitted light and a critical 
angle G c in the light-emitting layer interface of the 
invention; 

Figs. 15A and 15B are diagrams for explaining the 
increase of the critical angle according to the Em- 20 
bodiment 12 of the invention in comparison with the 
related art; 

Fig. 16 is a diagram for explaining the optimum 
shape of a concavo-convex side surface according 
to the Embodiment 12 of the invention; 25 
Fig. 17 is a sectional view of the configuration of a 
light-emitting diode according to Embodiment 13 of 
the invention; 

Fig. 18 is a top view of the light-emitting diode ac- 
cording to the Embodiment 13 of the invention; 30 
Fig. 19 is a sectional view of the configuration of a 
light-emitting diode according to Embodiment 14 of 
the invention; 

Fig. 20 is a sectional view of the configuration of a 
light-emitting diode according to Embodiment 15 of 
the invention; 

Fig. 21 is a top view of the light-emitting diode ac- 
cording to the Embodiment 15 of the invention; and 
Figs. 22A and 22B are diagrams for explaining the 
course of light in a reflection mode in a light-emitting 
layer in a related-art light-emitting diode. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0029] Description will be made below on embodi- 
ments of the invention with reference to the drawings. 

Embodiment 1 

[0030] First, description will be made on Embodiment 
1 of the invention with reference to Figs. 1A to 1C. Fig. 
1 A is a longitudinal sectional view showing the configu- 
ration of a light-emitting element according to Embodi- 
ment 1 of the invention; Fig. 1 B is a bottom view thereof; 
and Fig. 1C is a diagram for explaining the positional 
relationship between reflecting grooves and a light-emit- 
ting layer. 



[0031] As shown in Fig. 1 A, in a light-emitting element 
1 according to Embodiment 1 , a GaAs-based crystal lay- 
er 7 is epitaxially grown on a GaAs substrate 3 (refrac- 
tive index n=3.0) so that a light-emitting layer 4 is 
formed. Then, the substrate 3 side is set as the top sur- 
face, and the crystal layer 7 side is set as the bottom 
surface. An electrode 2 with one polarity is provided on 
a central portion of the substrate 3 while an electrode 5 
with the other polarity is provided all over the bottom 
surface of the crystal layer 7. After that, wedge-like re- 
flecting grooves 6 are formed at regular intervals on the 
bottom surface side. As shown in Fig. 1B, the wedge- 
like reflecting grooves 6 are formed into a lattice struc- 
ture in the bottom surface of the light-emitting element 
1 so that the electrode 5 on the bottom surface side is 
divided longitudinally and transversely. 
[0032] As shown in Fig. 1 C, the angle of the wedge of 
each of the reflecting grooves 6 is about 90 degrees, 
and the light-emitting layer 4 is located on the bottom 
surface side in the light-emitting element 1 according to 
Embodiment 1. Accordingly, light radiated in a direction 
obliquely downward but close to the horizon can be also 
reflected upward by the reflecting grooves 6. An angle 
01 of radiated light between the line of a light-emitting 
point 4a extended to a reflecting groove 6 and the line 
of an apex portion of an adjacent reflecting groove 6 has 
to be much larger than a critical angle 6c from the crystal 
layer 7 to the outside. In addition, it is desired that an 
angle 92 between the line of a light-emitting point ex- 
tended to a reflection angle 6 and the line of an apex 
portion of an adjacent reflection angle 6 is as large as 
possible. That is, it is desired that the light-emitting layer 
4 and the apex portions of the reflection angles 6 are as 
close to each other as possible. Thus, light is reflected 
upward by the reflecting grooves 6 and radiated exter- 
nally from the substrate 3. Otherwise, when the reflect- 
ing grooves 6 are absent, the light will be reflected lat- 
erally by the bottom surface of the crystal layer 7 so as 
to be confined in and absorbed in the crystal layer 7. 
[0033] in such amanner, in the light-emitting element 

1 according to Embodiment 1, the light-emitting layer 4 
is located on the bottom surface side so that light radi- 
ated in a direction obliquely downward but close to the 
horizon can be also reflected upward by the reflecting 
grooves 6. Thus, the light-extracting efficiency increas- 
es so that the light output can be improved. 

Embodiment 2 

[0034] Next, description will be made on Embodiment 

2 of the invention with reference to Fig. 2. Fig. 2 is a 
longitudinal sectional view showing the configuration of 
a light-emitting element according to Embodiment 2 of 
the invention. Incidentally, parts the same as those in 
Embodiment 1 are referenced correspondingly, and the 
description of these parts will be omitted. 

[0035] As shown in Fig. 2, a light-emitting element 11 
according to Embodiment 2 is different from the light- 
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emitting element 1 according to Embodiment 1 in that 
reflecting grooves 1 2 are formed to go through the light- 
emitting layer 4 so as to reach a height above the light- 
emitting layer 4. As a result, not only light radiated hor- 
izontally from each light-emitting point in the light-emit- 5 
ting layer 4 but also light radiated somewhat obliquely 
upward can be reflected upward by the reflecting 
grooves 12 formed to go through the light-emitting layer 
4. Thus, almost the whole part of the light radiated lat- 
erally with a large light quantity can be radiated exter- w 
nally. 

[0036] In such a manner, in the light-emitting element 
11 according to Embodiment 2, almost the whole part of 
the light radiated laterally from each light-emitting point 
in the light-emitting layer 4 can be reflected upward. *5 
Thusrthe light-extracting efficiency is further increased 
so that the light output can be further improved. 

Embodiment 3 

20 

[0037] Next, description will be made on Embodiment 
3 of the invention with reference to Figs. 3 A and 3B. Fig. 
3A is a longitudinally sectional view showing the config- 
uration of a light-emitting element according to Embod- 
iment 3 of the invention, and Fig. 3B is a bottom view 25 
thereof . Incidentally, parts the same as those in Embod- 
iments 1 and 2 are referenced correspondingly, and the 
description of these parts will be omitted. 
[0038] As shown in Figs. 3A and 3B, a light-emitting 
element 2 1 according to Embodiment 3 is different from 30 
the light-emitting elements 1 and 11 according to Em- 
bodiments 1 and 2 in that the light-emitting area of a 
light-emitting layer 14 is formed as split light-emitting ar- 
eas formed in places except the places where the re- 
flecting grooves 12 are formed. Then, the reflecting 35 
grooves 12 are formed to go through the portions where 
the light-emitting layer 14 is not formed in the crystal 
layer 13, so as to reach the height above the light-emit- 
ting layer 14. As a result, the influence of the formed 
reflecting grooves 12 on the light-emitting layer 14 can <o 
be reduced. Thus, this embodiment can be applied even 
to the case where the light-emitting layer 14 is weak 
physically. The same effect can be obtained in the case 
where the reflecting grooves 12 are formed to reach the 
height above the light-emitting layer 14 as in the light- 45 
emitting element 21 according to Embodiment 3, and in 
the case where the reflecting grooves 6 do not reach the 
light-emitting layer 4 as in the light-emitting element 1 
according to Embodiment 1. 

[0039] Then, when the reflecting grooves 12 are 50 
formed to reach the height above the light-emitting layer 
14, not only light radiated horizontally from each light- 
emitting point in the light-emitting layer 14 but also light 
radiated somewhat obliquely upward can be reflected 
upward by the reflecting grooves 12. Thus, almost the 55 
whole part of the light radiated laterally in a large light 
quantity can be radiated externally. 
[0040] In such a manner, in the light-emitting element 



21 according to Embodiment 3, it can be applied even 
to the case where the light-emitting layer 14 is weak 
physically, while almost the whole:part of the light radi- 
ated laterally from each light-emitting point in the light- 
emitting layer 14 can be reflected upward. Thus, the 
light-extracting efficiency is further increased so that the 
light output can be further improved. 

Embodiment 4 

[0041] Next, description will be made on Embodiment 
4 of the invention with reference to Figs. 4A and 4B. Fig. 
4A is a longitudinally sectional view showing the config- 
uration of a light-emitting element according to Embod- 
iment 4 of the invention, and Fig. 4B is a bottom view 
thereof. 

[0042] As shown in Fig. 4A, in a light-emitting element 
31 according to Embodiment 4, a GaN-based crystal 
layer 37 (refractive index n=2.4) is epitaxially grown on 
an Al 2 0 3 substrate 33 (n=1.7) so that a light-emitting 
layer 34 is formed. Then, the substrate 33 side is set as 
the top surface, and the crystal layer 37 side is set as 
the bottom surface. One corner of the crystal layer 37 is 
removed so that an electrode 32 with one polarity is pro- 
vided on the bottom surface of the substrate 33, while 
an electrode 35 with the other polarity is provided all 
over the bottom surface of the crystal layer 37. That is, 
in the light-emitting element 31 , the electrodes opposite 
in polarity are formed on the bottom surface side. Then, 
wedge-like reflecting grooves 36 are formed at regular 
intervals on the bottom surface side of the crystal layer 
37. As shown in Fig. 4B, the wedge-like reflecting 
grooves 36 are formed in a lattice structure in the bottom 
surface of the light-emitting element 31 so that the elec- 
trode 35 on the bottom surface side of the crystal layer 
37 is divided longitudinally and transversely. 
[0043] In such a manner, in the light-emitting element 
31 according to Embodiment 4, the electrodes opposite 
in polarity are formed on the bottom surface side so that 
it is not necessary to form any electrode on the top sur- 
face. Accordingly, even if the light-emitting element 31 
is formed into a small chip, it is possible to maintain the 
effect to reflect light from the light-emitting layer 34 up- 
ward by the reflecting grooves 36 formed in the bottom 
surface of the crystal layer 37 so as to improve the ex- 
ternal radiation efficiency. Then, when the light-emitting 
element 31 is formed into a small chip, the course in 
which light is reflected several times in the crystal layer 
37 and then radiated externally becomes short enough 
to reduce the ratio of light absorbed in the crystal layer 
37 which is high in light absorptance. Thus, the external 
radiation efficiency is further improved. Not to say, even 
if the light-emitting element 31 is formed into a large 
chip, it is possible to obtain the effect to reflect light from 
the light-emitting layer 34 upward by the reflecting 
grooves 36 formed in the bottom surface of the crystal 
layer 37 so as to improve the external radiation efficien- 
cy. 
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[0044] Further, since the Al 2 0 3 substrate 33 having a 
lower refractive index (n=1.7) than the refractive index 
(n=2.4) of the GaN-based crystal layer 37 including the 
light-emitting layer 34 is located above the light-emitting 
layer 34, light radiated laterally from the light-emitting 
layer 34 is confined in the crystal layer 37 high in refrac- 
tive index. Accordingly, of the light radiated laterally, light 
having an upward component is also reflected upward 
by the reflecting grooves 36 formed in the bottom sur- 
face of the crystal layer 37. As a result, the ratio of light 
reflected upward increases so that the external radiation 
efficiency is further improved. 

[0045] In such a manner, in the light-emitting element 
31 according to Embodiment 4, it is not necessary to 
form any electrode on the top surface. Accordingly, the 
light-emitting element 31 can be formed into a small chip 
so that the external radiation efficiency is further im- 
proved. In addition, since the substrate 33 having a low 
refractive index is located above the light-emitting layer 
34, light confined in the light-emitting layer 34 having a 
high refractive index is reflected upward, while the crit- 
ical angle at each interface increases so thatlt becomes 
easy to extract the light. Thus, the external radiation ef- 
ficiency is further increased so that the light output can 
be improved. 

[0046] In each embodiment, although description has 
been made on an example in which the reflecting 
grooves are formed longitudinally and transversely in a 
lattice structure, the reflecting grooves may be formed 
obliquely to the outline of the bottom surface of the light- 
emitting element, or may be formed into a pattern in 
which grooves are formed longitudinally, transversely 
and obliquely. In addition, although description has been 
made on the case where each reflecting groove has a 
sectional shape like a wedge with about 90 degrees, 
each reflecting groove may have any sectional shape 
so long as the shape can reflect light from the light-emit- 
ting layer upward with good efficiency. Further, although 
description has been made on the case where the re- 
flecting grooves are formed at regular intervals, the re- 
flecting grooves do not have to be always formed at reg- 
ular intervals. 

Embodiment 5 

[0047] Further, in each embodiment, although de- 
scription has been made on the case where the reflect- 
ing grooves are formed to reflect light from the light-emit- 
ting layer upward, reflecting holes 60 each having a con- 
ical shape or the like may be formed over the bottom 
surface of the light-emitting element as shown in Fig. 5, 
in place of the reflecting grooves. Further, both the re- 
flecting grooves and the reflecting holes may be formed 
in the bottom surface of the light-emitting element. 
[0048] Further, although description has been made 
on the case where the light-emitting layer is set on the 
bottom surface side with respect to the substrate, the 
invention is not limited thereto. For example, when the 



light-emitting element has a large size (with the same 
thickness), it is also effective that the light-emitting layer 
is set on the top side. 

[0049] In each of the embodiments hereinafter, the 
5 portion as a whole for extracting light from a light-emit- 
ting element is referred to as a "light-extracting portion", 
and respective surfaces constituting the light-extracting 
portion are referred to as "light-extracting surfaces", in 
order to distinguish the whole from the parts. 

10 

Embodiment 6 

[0050] First, description will be made on Embodiment 
6 of the invention with reference to Figs. 6A to 6C. Fig. 

15 6A is a plan view showing the configuration of a light- 
emitting element according to Embodiment 6 of the in- 
vention, Fig. 6B is a longitudinal sectional view thereof, 
and Fig. 6c is a bottom view thereof. 
[0051] As shown in Fig. 6B, in the light-emitting ele- 

20 ment 201 according to Embodiment 6, a. crystal layer 
203 made of GaN (refractive index n=2.4) is epitaxially 
grown on an SiC substrate 202 (n=2.5) so that a light- 
emitting layer 204 is formed (excluding the portion 
above an electrode 205). When the substrate 202 side 

25 is set as the top surface while the crystal layer 203 side 
is set as the bottom surface, the electrode 205 with one 
polarity and an electrode 206 with the other polarity are 
formed on the bottom surface of the crystal layer 203, 
as shown in Fig. 6C. Further, as shown in Fig. 6A, four 

30 sides in the upper surface of the SiC substrate 202 are 
chipped off obliquely so as to form a truncated pyramid 
in the upper surface . In the truncated pyramid, five sur- 
faces.(202a ? 202b f 202c, 202d, and 202e) are formed 
as light-extracting surfaces. The angle of each oblique 

35 portion is about 45 degrees, and the light-emitting ele- 
ment 201 as a whole is shaped like a form near a hem- 
ispherical form. 

[0052] Because the light-emitting element 201 has 
such a configuration, refractive index of light emitted 

^o from the light-emitting layer 204 in the GaN crystal layer 
203 is substantially equal to that at the interface with the 
substrate 202. Therefore, the light is not confined in the 
interface and almost the whole part of the light passes 
through the interface directly. At the interface between 

45 the substrate 202 and the air, the ratio of the light inci- 
dent within the critical angle is high because the four 
sides in the upper surface of the substrate 202 are 
chipped off obliquely. As a result, external radiation ef- 
ficiency of the primary light increases, and external ra- 

50 diation efficiency of the secondary light et seq. also in- 
creases, so that the light-extracting- efficiency is im- 
proved with the result that the external quantum efficien- 
. ey can be improved greatly. Further, although the light- 
emitting element 201 is mounted. on metal high in heat. 

55 conductivity, the light-emitting element 201 has the light- 
emitting layer located on the bottom surface side so that 
the heat radiation property, for externally radiating the 
heat generated in the light-emitting layer can be en- 
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hanced. Further, as the efficiency is enhanced, the heat 
generation rate can be reduced, and the heat radiation 
property of the light-emitting element can be enhanced. 
Accordingly, the input allowable electric power increas- 
es, so that higher output in combination with higher ef- 5 
ficiency can be attained. 

[0053] Incidentally, work for forming the light-extract- 
ing surfaces is to work the substrate simply into a lattice 
structure, and the cut surfaces (202b, 202c, 202d, and 
202e) of the SiC substrate 2 to be the light-extracting 
surfaces can be formed in a specular state by adjusting 
the rotation speed and cut speed of the diamond cutter. 
For this reason, the light-emitting element can be man- 
ufactured easily and is excellent in manufacturability. 
[0054] In such a manner, in the light-emitting element 
201 according to Embodiment 6, a gallium nitride crystal 
layer is formed on a silicon carbide substrate having a 
refractive index near to that of the gallium nitride crystal 
layer, so that it is possible to obtain a light-emitting ele- 
ment in which the efficiency of extracting light from the 
light-emitting layer is high, the heat generation rate is 
low, and light output is high. 

Embodiment 7 

[0055] Next, description will be made.on Embodiment 
7 of the invention with reference to Fig. 7. Fig. 7 is a 
longitudinal sectional view showing the configuration of 
a light-emitting element according to Embodiment 7 of 
the invention. Incidentally, parts the same as those in 
Embodiment 6 are referenced correspondingly and the 
description of these parts will be omitted partially. 
[0056] A light-emitting element 21 1 according to Em- 
bodiment 7 is different from the light-emitting element 
201 according to Embodiment 6 in that a light-emitting 
layer 207 is formed in the central portion of a gallium 
nitride crystal layer 203. In comparison with the light- 
emitting element 201 in which the light-emitting layer 
204 is formed all over the whole surface in the crystal 
layer 203 except the surface above the electrode 205, 
the light-emitting portion for the light-extracting surfaces 
in the light-emitting element 211 approximates a point 
light source and is located in the vicinity of the central 
portion of the light-extracting surfaces. In this configu- 
ration, the light emitted from the light-emitting layer 207 
generally forms a deeper angle of incidence onto any 
one of the light-extracting surfaces compared with Em- 
bodiment 6, so that the external radiation efficiency of 
the primary light further increases and the light-extract- 
ing efficiency can be enhanced. Accordingly, when a 
chip size of the light-emitting element 211 is approxi- 
mately the same as that of the light-emitting element 
201 , the efficiency of externally extracting the light emit- 
ted from the light-emitting layer is improved so that it is 
possible to obtain an energy saving light-emitting ele- 
ment which can gain the same emission output with less 
electric power than the related-art element. Further, 
when the chip size is increased so as to increase the 



light-emitting area of the light-emitting layer 207 in the 
light-emitting element 211 to be substantially the same 
as that of the light-emitting layer 204 in the light-emitting 
element 201, it is possible to obtain the larger output 
with the same electric power as the related-art element. 
Further, when the generated heat is reduced and the 
heat radiation property is improved, larger electric pow- 
er than that of the related-art element can be inputted 
so that the larger output can be attained. 
[0057] At present, energy saving and higher efficiency 
is often requested of the LED light source for serving as 
the light source for a mobile apparatus, and higher out- 
put is often requested of the LED light source for serving 
as the light source substituted for the incandescent 
lamp. According to the configuration of the light-emitting 
element 211 in Embodiment 7, both the requests can be 
met as described above. 

[0058] In such a manner, in the light-emitting element 
211 according to Embodiment 7, the light-emitting layer 
is formed as a point light source, so that it is possible to 
obtain a light-emitting element which can be further im- 
proved in the efficiency and enhanced in output. 

Embodiment 8 

[0059] Next, description will be made on Embodiment 
8 according to the invention with reference to Fig. 8. Fig. 
8 is a longitudinal sectional view showing the configura- 
tion of light-emitting element according to Embodiment 
8 of the invention. Incidentally, parts the same as those 
in Embodiments 6 and 7 are referenced corresponding- 
ly, and the description of these parts will be partially 
omitted; 

[0060] A light-emitting element 221 according to Em- 
bodiment 8 is different from the light-emitting element 

211 according to Embodiment 7 in that light-extracting 
surfaces 202b, 202c, 202d and 202e of an SiC substrate 

212 are shaped like cylindrical surfaces. Each of the cy- 
lindrical surfaces is a cylindrical surface with the central 
portion of the light-emitting layer as an origin. In such a 
manner, light emitted from the light-emitting layer 207 
forms a further deeper angle of incidence onto each 
light-extracting surface so that the incidence approach- 
es perpendicular incidence. Accordingly, the external 
radiation efficiency of the primary light can further in- 
crease and the light-extracting efficiency can be en- 
hanced. Further, when the chip size of the light-emitting 
element 221 is made to be substantially equal to that of 
the light-emitting element 201, the output reduction due 
to heat generation can be lightened by reduction of in- 
ternal heat generation, so that improvement in the effi- 
ciency can be attained. Further, when the width of the 
chip size is enlarged, and the width of the light-emitting 
area in the light-emitting layer 207 of the light-emitting 
element 221 is enlarged to be substantially the same as 
the width of the light-emitting area in the light-emitting 
layer 204 of the light-emitting element 201, a conduction 
current can be set to a large value, so that higher output 
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can be attained. 
[0061] Accordingly, in the light-emitting element 221 
according to Embodiment 8, the light-emitting portion is 
formed to be a portion approximating a point light source 
in the same manner as in Embodiment 7, so that it is 
possible to obtain a light-emitting element which can be 
improved further more in efficiency and enhanced in out- 
put. 

[0062] In the respective embodiments, although de- 
scription has been made on the case where the light- 
extracting portion is constituted by five surfaces, the in- 
vention is not limited thereto. If the total shape of the 
light-extracting portion is substantially convex, there is 
an effect to improve the light-extracting efficiency. The 
invention includes various modes, such as a mode in 
which the light-extracting portion is constituted by a 
hemispherical surface, a mode in which the light-ex- 
tracting portion is constituted by nine side surfaces into 
two stages, and a mode in which the light-emitting ele- 
ment is not shaped like a form cut into a square, but is 
cut into a hexagon with seven light-extracting surfaces. 

Embodiment 9 

[0063] Next, description will be made on Embodiment 
9 of the invention with reference to Figs. 9A and 9B. Fig. 
9A is a plan view showing the configuration of a light- 
emitting element according to Embodiment 9 of the in- 
vention, and Fig. 9B is a longitudinal sectional view 
thereof. 

[0064] As shown in Fig. 9A, in a light-emitting element 
231 according to Embodiment 9, an SiC substrate 232 
is cut longitudinally by four grooves 233 and transverse- 
ly by four grooves 233, each grooves 233 being shaped 
like a V-form and having an angle of 45 . The SiC sub- 
strate 232 is divided, in a lattice structure, into twenty- 
five truncated pyramids each serving as a light-extract- 
ing portion. In such a manner, the SiC substrate 232 
serving as the emerging surface is divided into twenty- 
five truncated pyramids and arranged in a lattice struc- 
ture, so that light emitted from a light-emitting layer 34 
in a GaN crystal layer 235 is extracted efficiently from 
each of the truncated pyramids to obtain high external 
radiation efficiency, even in the case where the height 
of the SiC substrate 232 is low relative to the width of 
the light-emitting element 231, as shown in Fig. 9B. Ac- 
cordingly, even in the case where the chip size of the 
light-emitting element is made larger, efficiency the 
same as in Embodiment 6 can be expected in this em- 
bodiment and a yield of the light-emitting elements from 
a base material can be improved. That is, when the chip 
size is made larger in a similar shape to that of the light- 
emitting element 201 according to Embodiment 6 as 
shown in Figs. 6A and 6B, it is necessary to make the 
wafer thick and the yield of the light-emitting elements 
from the material is reduced. When the light-emitting el- 
ement 231 according this embodiment is used, the wa- 
fer thickness is not changed, and efficiency similar to 



that of a light-emitting element 201 of Embodiment 6 
made large in dicing size can be expected. In addition, 
a high yield of the light-emitting elements from the ma- 
terial can be obtained for effective utilization. Further, 

5 since the light-emitting element is formed into a plurality 
of truncated pyramids in a lattice structure, there is an 
advantage in facilitating manufacturing. 
[0065] In such a manner, in the light-emitting element 
231 according to Embodiment 9, the SiC substrate 232 

to serving as the emerging surface is divided into twenty- 
five truncated pyramids in a lattice structure, so that high 
external quantum efficiency can be obtained and the 
yield of the light-emitting elements from the base mate- 
rial can be improved, even in the case where the chip 

*5 size of the light-emitting element is made larger. Further, 
when the light-emitting element is formed in a lattice 
structure, manufacturing becomes easy. 
[0066] Incidentally, although description has been 
made on the case where twenty-five truncated pyramids 

20 serving as the light-extracting portions are arranged in 
a lattice structure in the light-emitting element 231 ac- 
cording to Embodiment 9 ? the invention is not limited 
thereto. Even in the case where a plurality of light-ex- 
tracting portions are arranged in any manner so as to 

25 make the chip size of the light-emitting element large, 
high external quantum efficiency can be obtained and 
the yield of the light-emitting elements from the base 
material can be improved. 

30 Embodiment 10 

[0067] Next, description will be made on Embodiment 
10 of the invention with reference to Figs. 10A and 10B. 
Fig. 10A is a plan view showing the configuration of a 
35 light-emitting element according to Embodiment 10 of 
the invention, and Fig. 10B is a longitudinal sectional 
view thereof. 

[0068] As shown in Fig. 10A, in a light-emitting ele- 
ment 241 according to Embodiment 10, an SiC sub- 

40 strate 242 is cut longitudinally by four V-shaped grooves 
243 and transversely by four V-shaped grooves 243, so 
that the SiC substrate 242 is divided into twenty-five 
. truncated pyramids. Further, a light-emitting layer 244 
in a GaN crystal layer 245 is formed in the portions cor- 

45 responding to the flat surface portions of the respective 
truncated pyramids so as to be formed as a point light 
source. In such a manner, light-extracting efficiency can 
be further improved. In addition, when the SiC substrate 
242 serving as the erherging surface is divided into 

50 twenty-five truncated pyramids thus, external quantum 
efficiency can be prevented from being lowered in the 
same manner as in Embodiment 9, even in the case 
where the chip size of the light-emitting element is made 
larger Further, when portions of the light-emitting layer 

55 244 are separated from each other, heat localization in 
the light-emitting layer 244 can be prevented so that low- 
ering in the light-emitting efficiency due to the heat can 
be suppressed greatly. 
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[0069] In such a manner, In the light-emitting element 
241 according to Embodiment 10, the light-emitting lay- 
er 244 can be formed as a point light source, so that the 
light-extracting efficiency can be improved further. In ad- 
dition, when the portions of the light-emitting layer 244 5 
are separated from each other, lowering in light-emitting 
efficiency due to heat localization can be suppressed 
greatly. 

Embodiment 11 

[0070] Next, description in Embodiment 11 of the in- 
vention will be made with reference to Figs. 11 A and 
11B. Fig. 11A is a plan view showing the configuration 
of a light-emitting element according to Embodiment 11 
of the invention, and Fig. 11 B is a longitudinal sectional 
view thereof. 

[0071] As. shown in Fig. 11 A, in a light-emitting ele- 
ment 251 according to Embodiment 1 1 ; an SiC substrate 

252 is cut only longitudinally by four V-shaped grooves 

253 so that the SiC substrate 242 is divided into five rod- 
like trapezoids. A light-emitting layer 254 is formed only 
in the portions of a GaN crystal layer 255 corresponding 
to the fiat surface portions of the rod-like trapezoids (ex- 
cept the portion above an electrode 256). Accordingly, 
the light-emitting layer 254 is formed as a rod-like light 
source extending in the direction perpendicular to the 
paper plane of Fig. 11B. Thus, as shown in Fig. 11 B, 
even in the case where the height of the SiC substrate 
252 is low relative to the width of the light-emitting ele- 
ment 251 , light emitted from the light-emitting layer 254 
in the GaN crystal layer 255 can be extracted efficiently 
from the respective rod-like trapezoids so that high ex- 
ternal radiation efficiency can be obtained. As a result, 
external quantum efficiency can be prevented from be- 
ing lowered even in the case where the chip size of the 
light-emitting element is made larger. 
[0072] Incidentally, although improvement in the light- 
extracting efficiency in this embodiment cannot be ex- 
pected equally to that in Embodiment 10, work can be 
simplified and the light-extracting efficiency can be im- 
proved compared with the related art. 
[0073] In this manner, in the light-emitting element 51 
according to Embodiment 11 , light emitted from the light- 
emitting layer 254 in the GaN crystal layer 255 can be 
extracted efficiently from the respective rod-like trape- 
zoids in the state in which the SiC substrate 252 is di- 
vided into the five rod-like trapezoids, so that high ex- 
ternal radiation efficiency can be obtained. As a result, 
external quantum efficiency can be prevented from be- 
ing lowered even in the case where the chip size of the 
light-emitting element is made larger. 
[0074] In each of the embodiments, although descrip- 
tion has been made on the case where the light-emitting 
element has a silicon carbide (SiC) substrate, and a gal- 
lium nitride (GaN) crystal layer epitaxially grown on the 
silicon carbide substrate, the invention is not limited 
thereto. The invention may be applicable to a light-emit- 



ting element made of another material, such as a light- 
emitting element having gallium arsenide (GaAs) and a 
gallium arsenide-based crystal layer epitaxially grown 
on the gallium arsenide (GaAs). Alternatively, there may 
be used a light-emitting element in which the substrate 
used for crystal growth is removed, and a substrate hav- 
ing high transmirtance to the light emitted from the light- 
emitting element, or a substrate having an equal refrac- 
tive index to that of the light-emitting layer is stuck onto 
the light-emitting layer. On this occasion, working into 
light-extracting surfaces may be carried out on the sub- 
strate after the sticking, or a substrate having a surface 
worked into light-extracting surfaces may be stuck onto 
the light-emitting layer. In addition, another substrate 
may be additionally stuck onto the light-emitting element 
(in order to enhance the degree of freedom for the re- 
fractive index and transmittance). 

Embodiment 12 

[0075] Figs. 1 2 and 1 3 show a light-emitting diode 1 00 
which implementsthelight-emittingelementofthisem- 
bodiment. Fig. 1 2 is a sectional view of the configuration 
of the light-emitting diode 100, and Fig. 13 is a top view 
thereof. Incidentally, the light-emitting diode 100 accord- 
ing to this embodiment is an element using Group III ni- 
tride compound semiconductors, such as a GaN-based 
semiconductor. The light-emitting diode 100 according 
to this embodiment is constituted by a sapphire sub- 
strate 101, a buffer layer 102, an n-type layer 103, a 
light-emitting layer 104 as a light-emitting area, a p-type 
layer 105, a light-transmissive electrode (anode) 106 
formed on the p-type layer 105, a seat electrode (anode) 
107, and an electrode (cathode) 108 formed on the n- 
type layer 103. 

[0076] In addition, the layers above the n-type layer 
103 except the exposed surface of the n-type layer 103 
are etched in a "IT shape as shown in Fig. 13. The elec- 
trode 108 is formed in the portion surrounded by the "IT 
shape. Incidentally, the light-emitting layer 104 may 
have either an MQW structure or an SQW structure. 
[0077] This embodiment has a feature in that at least 
the side surface of the light-emitting layer 104 is formed 
as a concavo-convex side surface 109 as shown in Figs. 
12 and 13. This concavo-convex side surface 109 (cor- 
rugated shape) is formed, for example, by patterning in 
the step of forming the seat electrode 108 as will be de- 
scribed later. Thus, the emergence efficiency from the 
light-emitting layer 104, that is, the external quantum ef- 
ficiency is improved. 

[0078] For example, as shown in Fig. 14, if the side 
surface of the light-emitting layer 104 is flat as in the 
relatedart, light emitted from the light-emitting layer 104 
side satisfies the total reflection conditions because the 
inside (of light-emitting layer 104) is made of a material 
high in refractive index while the outside area is a ma- 
terial low in refractive index. That is, of light traveling 
from the inside to the outside area, light incident at an 
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angle smaller than a critical angle 9 C depending on the 
refractive indexes of the inside and the outside area is 
allowed to emerge to the outside, while light incident at 
an angle not smaller than the critical angle 0 C is totally 
reflected by the interface so as to be confined in the in- 
side. That is, the light is attenuated in the inside. As a 
result, only the tight incident in an angle range smaller 
than the critical angle range 28 c is allowed to emerge. 
[0079] In contrast, in the light-emitting diode 100 ac- 
cording to this embodiment, at least the side surface of 
the light-emitting layer 104 is formed as the concavo- 
convex side surface 1 09 as shown by the enlarged view 
of Fig. 15B. When the interface with the outside area is 
formed thus, not only is the range of the crystal interface 
in the surface direction expanded, but the area of the 
crystal interface is also increased. Thus, the external ra- 
diation area at the interface is increased. For example, 
as shown in Figs. 1 5A and 1 5B, light emitted in the same 
condition (angle 9 A with respect to the interface) is totally 
reflected in the related-art example (Fig. 15A) but is 
made to emerge to the outside in this embodiment (Fig. 
15B). 

[0080] Further, when the concavo-convex shape is 
made of a curve with a change in curvature, not only is 
the primary efficiency of extracting light externally from 
the side surface of the light-emitting layer improved, but 
the efficiency of extracting light externally subsequently 
to the primary efficiency is also improved. That is, light 
incident on the crystal interface in the side surface of 
the light-emitting layer at an angle not smaller than the 
critical angle 9 C so as to be totally reflected therefrom 
is reflected in a direction in accordance with the interface 
direction. It is therefore possible to prevent occurrence 
of such a mode, as shown in Figs. 22A and 22B, in which 
light is not radiated externally even after the light is re- 
flected several times in the crystal of the related-art typ- 
ical light-emitting element having a rectangular shape. 
Incidentally, Fig. 22A shows the reflection mode in a 
sectional view of a related-art light-emitting layer, and 
Fig. 22B shows the reflection mode in a top view thereof. 
[0081] In addition, although each layer is shown as a 
thick layer in Fig. 12 for the sake of convenience, the 
layers as a whole have only a slight thickness relative 
to the sapphire substrate in fact. Nevertheless the con- 
cavo-convex side surface 109 is effective not only in 
light directly emitted from the light-emitting layer but also 
in light reflected by the upper and lower interfaces and 
then reaching the concavo-convex side surface 109. 
That is, the refractive index of the sapphire substrate is 
1 .7 while the refractive index of, for example, GaN of the 
GaN-based semiconductor constituting the light-emit- 
ting layer and so on is 2.4. Accordingly, light confined in 
the light-emitting element between the upper and lower 
interfaces is classified into light confined in the light- 
emitting element as a whole and light confined, for ex- 
ample, in the Group III nitride compound semiconductor 
layer having a large refractive index in the light-emitting 
element. Thus, optical density is considerably high in the 
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Group III nitride compound semiconductor layer. Thus, 
a sufficient effect can be obtained by simply forming the 
concavo-convex side surface 109 having a slight depth. 
[0082] Next, description will be made on a method for 

5 manufacturing the light-emitting diode 100 having such 
a structure. To manufacture the light-emitting diode 1 00, 
first, the layers from the buffer layer 102 to the p-type 
layer 1 05 are produced sequentially by vapor phase epi- 
taxy using a metal organic vapor phase epitaxy method 

*o (hereinafter referred to as "MOVPE"). Next, an Si0 2 lay- 
er is formed by sputtering, and photo-resist is applied 
onto the Si0 2 layer and patterned in a concavo-convex 
(corrugated) pattern shown in Fig. 13, and photolitho- 
graph is carried out thereon. Next, the p-type layer 105, 

*5 the light-emitting layer 104 and a part of the n-type layer 
103 which are the portions not coated with the photo- 
resist and the Si0 2 layer are dry-etched so as to form 
an area where an electrode for the n-type layer 103 is 
led out, while the shape of the concavo-convex side sur- 

20 face 109 is formed. 

[0083] Next, metal (such as Au, Ni or Co) is vapor- 
deposited to be 1-200 nm thick so as to form the light- 
transmissive electrode 106 on the p-type layer 105. 
Then, by vapor deposition, the electrode 108 is formed 

25 on the n-type layer 103, and the seat electrode 107 is 
formed on the light-transmissive electrode 106. The 
light-emitting diode 100 according to this embodiment 
is formed thus. As described above, the concavo-con- 
vex side surface 109 is formed by using the step for ex- 

30 posing the n-type layer 103. It is therefore unnecessary 
to provide a new step for forming the concavities and 
convexities. Thus, the light-emitting element can be ob- 
tained easily and at low cost. 

[0084] Incidentally, it is desired that the shape of the 

35 concavo-convex side surface 109 is formed to prevent 
light emerging from any arbitrary point of the concavo- 
convex side surface 109, from being blocked by an ad- 
jacent convexity thereof. It is considered that if the emer- 
gent light is blocked by the adjacent convexity, the light 

*o enters the light-emitting layer 1 04 again, and is confined 
and attenuated in the light-emitting layer 104. In addi- 
tion, if the concavo-convex shape is narrow and deep, 
the substantial external radiation area for the light exist- 
ing at random does not increase. Accordingly, it is.de- 

45 sired that the concavities and convexities are formed un- 
der predetermined conditions. For example, the conca- 
vo-convex shape of the concavo-convex side surface 
109 is formed into a sine wave shape having a periodic- 
ity in which the amplitude A is 1/4 of the period L (Fig. 

50 16). As a result, the range of the crystal interface in the 
surface direction is widened, and the area of the crystal 
interface is increased, so that the light-extracting effi- 
ciency is improved. Thus, it is possible to fabricate a 
light-emitting diode which is higher in light-emitting effi- 

55 ciency than that in the related art. Incidentally, the period 
is not a temporal period but a period in the sense of a 
spatial frequency. 
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Embodiment 13 

[0085] Although the concavo-convex side surface 
109 was formed by use of the step for exposing the n- 
type layer 103, it may be formed by use of the step of 5 
separating the element, which is a final step. This is be- 
cause a large number of such light-emitting diodes 100 
are usually produced on a sapphire substrate 101 by a 
lithographic technique, and these elements 100 are sep- 
arated from one another after a series of steps are com- 
pleted. 

[0086] Figs. 17 and 18 show an example in which the 
concavo-convex side surface 109 is formed in the final 
step of separating the element. Fig. 17 is a sectional 
view of the configuration, and Fig. 18 is a top view there- 
of. In Fig. 17, the portion indicated by the broken line is 
the concavo-convex side surface 109 formed, for exam- 
ple, by etching at the time of separating the element. 
The concavo-convex side surface 109 may be formed 
thus. In such a manner, the concavo-convex side sur- 
face 109 can be formed to cover ail the side surface of 
the GaN layer so that the light-extracting efficiency can 
be further improved. 

[0087] Alternatively, the element may be separated 
mechanically by a dicing saw. In this case, after the el- 
ement is separated, the portions other than the side sur- 
face is protected with resist or the like, so that only the 
side surface is etched. Thus, concavities and convexi- 
ties having various shapes may be formed out of etch 
pits . In this case, since patterning is not carried out, the 
side surface is formed into a rough surface by etching. 
Concavities and convexities are formed similarly in the 
side surface so that it is possible to obtain a light-emit- 
ting diode having higher efficiency than that in the relat- 
ed art. 

Embodiment 14 

[0088] Fig. 19 shows Embodiment 14 of a light-emit- 
ting element. The concavo-convex side surface 109 of 
the light-emitting diode according to the Embodiment 12 
was perpendicular to the sapphire substrate 101. That 
is, light from the light-emitting layer 104 emerges in par- 
allel with the substrate surface of the sapphire substrate 
101 . On the other hand, in the Embodiment 1 4, the con- 
cavo-convex side surface 109 is formed to be tapered 
with respect to the substrate 101 . At this time, the light- 
emitting layer 104 which is a light-emitting area has 
been laminated on the substrate. Accordingly, the con- 
cavo-convex side surface 109 is tapered with respect to 
the substrate 101. That is, as a result, the area of the 
crystal interface can be further increased, so that the 
light-extracting efficiency is increased. 
[0089] Such a tapered shape is formed while being 
controlled by the degree of vacuum, the high frequency 
electric power, the kind of gases, the feed rates of those 
gases, and so on, in the step of forming the area for the 
electrode 108 on the n-type layer 103, that is, in the dry 



etching step of the p-type layer 105, the light-emitting 
layer 104 and a part of the n-type layer 103. 
[0090] Incidentally, although the side surface is 
formed so that the normal line of the side surface has 
an inverted taper which is a negative angle of elevation 
with respect to the sapphire substrate 1 01 in Fig. 19, the 
side surface may be formed so that the normal line of 
the side surface has a positive angle of elevation. When 
each layer is formed by vapor phase epitaxy while the 
pattern for the layer is reduced gradually, a concavo- 
convex side surface 109 having a positive taper can be 
formed. When the concavo-convex side surface is 
formed in such a manner, the component of emergent 
light directly traveling toward a portion above the sub- 
strate is increased so that the concavo-convex side sur- 
face is excellent in visibility. The side surface may be 
formed thus. 

Embodiment 15 

[0091] Each of the Embodiments 12 to 14 has shown 
examples in which anodes (the light-transmissive elec- 
trode 106 and the seat electrode 107) and a cathode 
(the electrode 108) are provided on the same surface 
side of the sapphire substrate 101. The invention is not 
limited to such a mode. For example, a light-emitting el- 
ement 400 may be formed as shown in Figs. 20 and 21. 
Fig. 20 is a sectional view of the configuration thereof 
and Fig. 21 is a top view thereof. 
[0092] This light-emitting diode 400 is constituted by 
an SiC substrate 401 which is a conductive substrate, 
an n-AIGaN layer 402 which is an n-type layer, a light- 
emitting layer 403 which is an MQW type, and a p-AI- 
GaN layer 404 which is a p-type layer. In addition, elec- 
trodes 405A and 405B are formed on the opposite sides 
of the light-emitting diode 400. The element configured 
thus is also produced in an epitaxial growth method 
(MOVPE) in the same manner as in the Embodiment 
12. In this case, a shape whose four sides are formed 
to be corrugated as shown in Fig. 21 is used for pattern- 
ing so that each layer is grown with such a pattern. Thus, 
the light-emitting diode 400 in Fig. 20 is produced easily. 
Also with such a configuration, light emitted from the 
light-emitting layer 403 is allowed to emerge efficiently 
based on the variation of the plane normal line and the 
increase of the area caused by the side surface formed 
into the concavo-convex side surface 109.. The light- 
emitting element may be formed thus. 
[0093] Incidentally, although the embodiment has 
shown the case where the concavo-convex side surface 
1 09 was made up byMOVPE, the invention is not limited 
to this. For example, after the element is separated, the 
portions other than the side surface are protected with 
photo-resist so that only the side surface may be formed 
into a rough surface by etching or the like. Also in this 
embodiment, it is possible to obtain a light-emitting di- 
ode having higher efficiency than that in the related art. 
[0094] An SiC (typified by 6H-SiC) substrate, a con- 



15 



20 



25 



30 



35 



40 



45 



50 



33 



EP 1 263 058 A2 



34 



ductive Si substrate, a conductive GaN substrate, or the 
like, may be used as the conductive substrate. 

Modifications 

[0095] The invention is not limited to these embodi- 
ments, but a wide variety of other modifications can be 
considered. For example, although a GaN-based sem- 
iconductor layer was used for the Group III nitride com- 
pound semiconductor element in the above embodi- 
ments, not to say, a layer made of Ga x ln 1 . x N (e.g. 
G a o.09 m o.9iN) or the like, or a layer made of ternary or 
quaternary AIGalnN having any mixed crystal ratio may 
be used. More specifically, a ternary Group III nitride 
compound semiconductor (GalnN, AlInN or AIGaN) or 
a quaternary Group III nitride compound semiconductor 
(AIGalnN) expressed by the general formula 
"AlxGayln^.yN (0<x<1, 0<y<1, and 0<x+y<1)" can be 
used. Further, N of those compounds may be partially 
replaced by a Group V element such as P or As. 
[0096] For example, in order to form the Group III ni- 
tride compound semiconductor layer with good crystal- 
linity when the Group III nitride compound semiconduc- 
tor is laminated onto the sapphire substrate, it is prefer- 
able that a buffer layer is formed to correct the lattice 
mismatch with the sapphire substrate. It is also prefer- 
able that a buffer layer is provided when another sub- 
strate is used. As the buffer layer, a Group III nitride com- 
pound semiconductor of Al x Ga y ln 1 . x _ y N (0<x<1, 0<y<1, 
and 0<x+y<1) formed at low temperature, more prefer- 
ably A^Ga^N (0<x£1) Is used. This buffer layer may 
be either of a single layer or of multi-layers different in 
composition or the like. As for the method for forming 
the buffer layer, the buffer layer maybe formed at a low 
temperature of 380-420°C, or on the contrary, the buffer 
layer may be formed in a range of 1 ,000-1 ,1.80°C in an 
MOCVD method. Alternatively, high purity metal alumi- 
num and nitrogen gas may be used as raw materials to 
form a buffer layer of AIN in a reactive sputtering method 
by use of a DC magnetron sputtering apparatus. A buffer 
layer expressed by the general formula Al x Ga y ln 1 . x . y N 
(0<x<1, 0<y<1, 0<x+y<1 , and at any composition ratio) 
can be formed in the same manner. Further, a vapor 
deposition method, an ion plating method, a laser abla- 
tion method, or an ECR method can be used. The buffer 
layer is preferably formed in a physical vapor deposition 
method at 200-600°C, more preferably at 300-600°C, 
further preferably at 350-450°C. When the physical va- 
por deposition method such as the sputtering method is 
used, the thickness of the buffer layer is preferably 
100-3,000 A. The thickness is more preferably 100-400 
A, most preferably 100-300 A. Examples of methods for 
forming the multi-layers include a method in which lay- 
ers made of Al x Ga 10c N (0<x<1 ) and layers made of GaN 
are formed alternately; and a method in which layers 
having the same composition are formed while the form- 
ing temperature is alternately changed, for example, be- 
tween 600°C or lower and 1 ,000°C or lower. Not to say, 



these methods may be used in combination, and three 
or more kinds of Group III nitride compound semicon- 
ductors of Al x Ga y ln Ux . y N (0<x<1, 0<y<1, and 0<x+y<1) 
may be laminated as the multi-layers. Generally, a buffer 

5 layer is amorphous while an intermediate layer is 
monocrystal. A plurality of periods each constituted by 
a buffer layer and an intermediate layer may be formed, 
and the repetition may have any period. The more the 
repetition is, the better the crystallinity is. 

10 [0097] Alternatively, a high : temperature growth buffer 
layer may be formed on a low-temperature growth buffer 
layer, tn this case, the Group III nitride compound sem- 
iconductor as the main body is formed on the high-tem- 
perature growth buffer layer. 

15 [0098] The invention can be applied substantially to 
the case where in the buffer layer and the Group III ni- 
tride compound semiconductor as a layer above the 
buffer layer, the composition of Group III elements is 
partially replaced by boron (B) or thalium (T1), or the 

20 composition of nitrogen (N) is partially replaced by phos- 
phorous (P), arsenic (As), antimony (Sb) or bismuth 
(Bi) . In addition, the compositions of the buffer layer and 
the Group III nitride compound semiconductor may bis 
doped with an indescribably small amount of those ele- 

25 ments. For example, the Group III. nitride compound 
semiconductor of A^Ga^N (0<x<1) having no indium 
(In) or arsenic (As) in its composition may be doped with 
indium (In) whose atomic radius is larger than aluminum 
(Al) or gallium (Ga), or with arsenic (As) whose atomic 

30 radius is larger than nitrogen (N). Thus, the extensive 
strain of crystal caused by dropping-out of nitrogen at- 
oms is compensated with the compressive strain so that 
the crystallinity can be improved. In this case, since ac- 
ceptor impurities enter the positions of the Group ill at- 

35 oms easily, a p-type crystal can be obtained as grown. 
[0099] In the case of a basal layer formed out of two 
or more periods of buffer layers and Group III nitride 
compound semiconductor layers, each Group Mi nitride 
compound semiconductor layer is preferably doped with 

40 an element whose atomic radius is larger than any main 
constituent element. Incidentally, to form a light-emitting 
element, it is fundamentally desired to use binary or ter- 
nary Group ill nitride compound semiconductors. 
[0100] To formann-type Group III nitride compound 

45 semiconductor. layer, Group IV or Group VI elements 
such as Si, Ge, Se, Te or C may be added as n-type 
impurities. On the other hand, Group 11 or Group IV el- 
ements such as Zn, Mg, Be, Ca, Sror Ba may be added 
as p-type impurities. A plurality of these elements or n- 

50 type impurities and p-type impurities may be doped in 
one and the same layer. The Hall concentration of a 
GaN-based semiconductor doped with Mg implanted 
with Be varies from 5.5x 10 16 /cm 3 to 8.1 x 1 0 19 /cm 3 by 
annealing at 1,100°G for 60 seconds. By implantation - 

55 with Be, the activation energy of Mg drops down to 170 
mV. It is considered that this is because Be releases the 
connection between Mg and hydrogen and connects 
with the hydrogen. To obtain a p-type layer, it is therefore 
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desired that together with acceptor impurities such as 
: Mg, Be is implanted therein. 
[0101] In the configuration of each layer, the disloca- 
tion of the Group III nitride compound semiconductor 
layer may be reduced desirably by use of lateral epitax- 5 
ial growth. At this time, a method in which a mask is used 
or a method in which a step is formed and a lateral 
growth layer is formed on a recess portion without using 
any mask can be adopted. As the method using a step, 
it is possible to adopt a method in which a spot-like or 
stripe-like recess portion is formed in a substrate, and 
a gallium-nitride compound semiconductor is grown lat- 
erally on the recess portion. Then, a gap may be located 
between the lateral growth layer and a layer or the sub- 
strate under the lateral growth layer. When there is a 
gap, stress strain is prevented from entering, so that the 
crystallinity can be further improved. The conditions for 
the lateral growth include a method of increasing the 
temperature, a method of increasing the supply rate of 
Group III element gas, and a method of doping with Mg. 
[0102] For the p-type layer 105 bonded with the light- 
transmissive electrode 106, it is desired to use InGaN 
because high hole concentration can be obtained. 
When Be and Mg are added to the p-type layer 105, the 
hole concentration can be made higher. As acceptor im- 
purities, Mg is desired. For example, it is desired that 
the composition ratio is ln 0 14 Ga 0 86 N. In addition, a su- 
perlattice can be used for the p-type layer 105. For ex- 
ample, a superiattice made of p-type AlGaN/p-type GaN 
can be adopted in order to improve the hole concentra- 
tion of the layer in which the light-transmissive electrode 
106 will be formed, so as to obtain a good ohmic prop- 
erty. Further, if an electric current is sufficiently diffused 
laterally in the p-type layer 105, the seat electrode 107 
may be formed in stead of the light-transmissive elec- 
trode 106. 

[01 03] When Group III nitride compound semiconduc- 
tors are laminated sequentially into layers on a sub- 
strate, inorganic crystal substrates of sapphire, silicon 
(Si), silicon carbide (SiC), spinel (MgAI 2 0 4 ), ZnO, MgO 
or the like, Group Ill-Group V compound semiconduc- 
tors such as gallium phosphide or gallium arsenide or 
Group III nitride compound semiconductors such as gal- 
lium nitride (GaN) or the like can be used as the sub- 
strate. As the method for forming the Group III nitride 
compound semiconductor layer, a metal organic vapor 
phase epitaxy method (MOCVD or MOVPE) is prefera- 
ble. Alternatively, a molecular beam epitaxy method 
(MBE), a Halide vapor phase epitaxy method (Halide 
VPE), a liquid phase epitaxy method (LPE), or the like, 
may be used. Respective layers may be formed in dif- 
ferent epitaxy methods. 

[0104] In addition, although the sapphire substrate 
101 was used as the substrate in the above embodi- 
ments, a substrate made of a material described above 
may be used. Incidentally, for example, when silicon car- 
bide (SiC) is used for the substrate, the refractive index 
of SiC is equal to that of GaN. Accordingly, there is no 



light confined only in the GaN layer between the upper 
and lower interfaces. However, light is radiated omnidi- 
rectionally with uniform radiation intensity from lamellar 
light-emitting points. Thus, the radiant density of light 
radiated to the side surface of the light-emitting layer is 
so high that the effect of improvement in extracting light 
canbe obtained by simply forming the concavo-convex 
side surface 109 having a slight depth. Not to say, the 
concavo-convex side surface 109 may be deep to reach 
the substrate. Further, although description has been 
made on the pn junction type GaN-based fight-emitting 
element in the above embodiments, the light-emitting el- 
ement may be of an MIS type if it is a solid state light- 
emitting element having a lamellar light-emitting area. 
In addition, other materials such as an AIGaAs-based 
material or a GaAllnP-based material may be used. 
[01 05] In addition, although the concavo-convex side 
surface 109 was formed to have a sine wave shape in 
top view in the above embodiments, it may be formed 
to have a sine wave shape in side view. In such a case, 
equal effect can be obtained as to the external quantum 
efficiency. Incidentally, as for the visibility from above, 
the performance is further improved because the plane 
normal line has a substrate normal line component (up- 
ward component). Further, the shape is not limited to 
the sine wave shape. The shape may be a triangular 
ripple shape, a circular-arc shape, or the like. When 
there are concavities and convexities in the. side sur- 
face, the external quantum efficiency becomes better 
than that in the related art regardless of the shape. 
[0106] In addition, although the side surface of the 
light-emitting layer was formed into a concavo-convex 
shape in the above embodiments, concavities and con- 
vexities may be added not only to the side surface but 
also to the top of the light-extracting surface under the 
light-transmissive electrode 106 by a partial etching 
method or the like. When light is extracted from both the 
side surface and the top surface, the light-emitting ele- 
ment is designed so that the external quantum efficiency 
is further improved. 

[0107] Dry etching or wet etching is chiefly used for 
forming the concavities and convexities. Alternatively, a 
lift-off methodmaybe used. In the lift-off method, resist 
is patterned into a concavo-convex shape on a sub- 
strate, each layer is grown, and after then, this resist is 
removed. Further," each layer may be formed by use of 
selective epitaxial growth in which a mask is formed into 
a concavo-convex shape on a substrate and each layer 
is grown outside the mask, or by use of epitaxial growth 
in which each layer is grown while being masked with a 
mask. 

[0108] The configuration, shape, quantity, material, 
size, connection relation, and so on, of the other parts 
in the light-emitting element are not limited to those de- 
scribed in the respective embodiments. 
[0109] This invention is not limited to the above de- 
scription of the mode for carrying out the invention and 
embodiments thereof at all, and includes various modi- 
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fications that can be conceived by those skilled in the 
art without departing from the scope of the claims. 

Claims 

1. A light-emitting element comprising: 

a light-emitting layer; and 

at least one light-extracting portion, 

wherein at least a partial part of the light-ex- 
tracting portion is formed into a concave or convex 
surface for enhancing, the efficiency of extracting 
light. - 

2. A light-emitting element according to claim 1, 
wherein said concave or convex surface of said 
light-extracting portion is shaped to be substantially 
convex, and 

substantially equal refractivity is kept between 
said light-emitting layer and said light-extracting 
portion. 

3. A light-emitting element according to claim 1, 
wherein said light-emitting element is mounted so 
that said light-emitting layer is located on a bottom 
surface side of said light-emitting element. 

4. A light-emitting element according to claim 3, 
wherein electrodes opposite in polarity are formed 
on said bottom surface side. 

5. A light-emittinjg element according to claim 2, 
wherein said substantially convex light-extracting 
portion is constituted by at least 5 light-extracting 
surfaces, and said light-emitting layer exists in a di- 
rection substantially perpendicular to each of said 
light-extracting surfaces. 

6. A light-emitting element according to claim 2, 
wherein said substantially convex light-extracting 
portion includes a curved light-extracting surface, 
and said light-emitting layer exists in a direction 
substantially perpendicular to said light-extracting 
surface. 

7. A light-emitting element according to claim 2, 
wherein said light-emitting layer is a part of a crystal 
layer and located in a vicinity of a central portion of 
said substantially convex light-extracting portion. 

8. A light-emitting element according to claim 2, 
wherein said light-emitting element comprises a 
plurality of said substantially convex light-extracting 
portions. 

9. A light-emitting element according to claim 8, 



wherein said plurality of substantially convex light- 
extracting portions are arranged in a lattice struc- 
ture. 

5 10. A light-emitting element according to claim 7, 
wherein said light-emitting layer is formed only in a 
portion of said crystal layer of said light-emitting el- 
ement, said portion of said crystal layer being sub- 
stantially perpendicular to said at least one light-ex- 

10 tracting portion. 

11. A light-emitting element according to claim 1, 
wherein said light-extracting portion is constituted 
by surfaces including a curved surface. 

15 

12. A light-emitting element according to claim 11, 
wherein said curved surface includes a cylindrical 
surface. 

20 13. A light-emitting element according to claim 1, 
wherein at least a circumference of a side surface 
of said light-emitting layer is wholly or partially 
formed into a concavo-convex side surface as said 
concave or convex surface having a concavo-con- 

25 vex shape. 

14. A light-emitting element according to claim 13, 
wherein concavities and convexities of said conca- 
vo-convex side surface are of a curve with a change 

30 in curvature. 

15. A light-emitting element according to claim 13, 
wherein said concavo-convex side surface has a ta- 
per angle with respect to said light-emitting layer. 

35 

16. A light-emitting element according to claim 13, 
wherein said concavo-convex side surface is 
formed in an etching step. 

40 17. A light-emitting element according to claim 13, 
wherein said concavo-convex side surface is 
formed in a step of patterning said light-emitting lay- 
er. 

45 18. A light-emitting element according to claim 13, 
wherein said concavo-convex side surface is 
formed in a step of separating said light-emitting el- 
ement. 

50 19. A light-emitting element according to claim 13, 
wherein said light-emitting element is formed on a 
substrate whose refractive index is smaller than a 
refractive index of said light-emitting layer. . 

55 20. A light-emitting element according to claim 19, 
wherein each layer of said light-emitting element 
formed on said substrate is made of a Group III ni- 
tride compound semiconductor. 
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21. A light-emitting element according to claim 13,' 
wherein a top surface of said light-emitting element 
is also formed into a concavo-convex shape. 

22. A light-emitting element comprising: 5 

a light-emitting layer; and 
a concave or convex surface for reflecting light 
emitted from said light-emitting layer toward 
one or more other surfaces of said light-emit- to 
ting element through an inside of said light- 
emitting element. 

23. A light-emitting element according to claim 22, 
wherein selected ones of reflecting grooves and re- 15 
fleeting holes as said concave or convex surface 

are formed in a bottom surface of said light-emitting 
element, wherein light emitted from said light-emit- 
ting layer is reflected upward by said selected ones 
of said reflecting grooves and said reflecting holes. 20 

24. A light-emitting element according to claim 23, 
wherein said light-emitting layer is formed on said 
bottom surface side. 

25 

25. A light-emitting element according to claim 23, 
wherein electrodes opposite in polarity are formed 
on said bottom surface side. 

26. A light-emitting element according to claim 23, 30 
where in maximum heights of said selected ones of 
said reflecting grooves and said reflecting holes 
reach in an internal portion of said light-emitting lay- 
er. 

35 

27. A light-emitting element according to claim 23, 
wherein a light-emitting area of said light-emitting 
layer is formed as split light-emitting areas formed 
in places other than places where said selected 
ones of said reflecting grooves and said reflecting 40 
holes are formed. 

28. A light-emitting element according to claim 23, 
wherein a substrate lower in refractive index than 
said light-emitting layer is located above said light- 45 
emitting layer. 
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FIG. 3A 
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FIG. 5A 
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